Biogas digester operation depends majorly on C/N ratio, hydraulic retention time, pH, temperature, and mixing ratio of the domestic waste used. Temperature of 15 to 45°C, C/N ratio of 20 to 30, Hydraulic retention time of 1 to 30 days, mixing ratio of 10 to 20 %w/v and pH of 6.5 to 8 were considered for the analysis. Analysis of Variance (ANOVA) was used to test whether there are statistically significant differences between two or more independent groups using Design Expert Software. The R-square values are 0.933, 0.943 and 0.919 for mean, standard deviation and coefficient of variance respectively. These values were found to be in reasonable agreement with standards. Retention time is the only factor that is not involved in the interactions among the four significant factors selected out of the five factors under consideration. The maximum biogas yield was 86.24% at retention time of 30 days, temperature of 45°C, pH value of 6.5, mixing ration of 10%w/v, and carbon to nitrogen ratio of 20 respectively.
INTRODUCTION
More than 2.6 billion people lack access to a hygienic method for the disposal of human waste (World Health Organization, 2010) . They defecate in open fields, behind bushes, in buckets, nylon bags or in latrines suspended over water sources or open pits. These practices contribute to the spread of disease and degrade the quality of water resources. Globally, diarrhoeal diseases attributable to the lack of safe water and basic sanitation cause 1.6 million deaths each year (United Nations Children 's Fund, 2006) . Human faeces represent a potential source of methane, which can be used as fuel for cooking, or in other heating applications. The process of converting human excrement and other organic residues into methane, carbon dioxide and other gases is term anaerobic digestion, is a well-established process. It occurs naturally wherever high concentrations of wet organic matter accumulate in the absence of dissolved oxygen.
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matter such as kitchen, agricultural, human and animal wastes, into useable end products through a series of microbial mediated biological reactions. The gas produced by digestion, known as marsh gas, sewage gas, dun gas, or bio-gas, is about 70% methane (CH 4 ) and 29% carbon dioxide (CO 2 ) with insignificant traces of oxygen and hydrogen sulphide (H 2 S), which gives the gas a distinct odor with a heat value of approximately 36,500 kJ/m 3 (John, 2012; Deublein and Steinhauser, 2008) .
Design Expert is a piece of software designed to help with the design and interpretation of multi-factor experiments. It offers computer generated D-optimal designs for cases where standard designs are not applicable, or where we wish to augment an existing design -for example, to fit a more flexible model (Montgomery, 2001) . The factors that we vary in experiment can be divided into Process variables, such as the speed of an engine or the thickness of an adhesive layer, and Mixture variables, such as the proportion of resin in a plastic compound, or the proportion of fat in a chicken feed. With a mixture variable, the effect depends on the proportion of a constituent in the mixture, rather than on the absolute amount (Montgomery, 2005) .
In analyzing an experiment, we fit models relating a response or quality characteristic to a set of controllable variables. For continuous control variables, we often use a linear, factorial or quadratic model -for example. . .
Linear model
Apart from the intercept, the terms in these models fall into one of three categories 1. Linear terms (Main effects) of the form β i X i .
-model the average effect of varying a control.
2. Two-factor interactions of the form β ij X i X j .
-allow the effect of changing a control to vary with the setting of another control.
3. Quadratic terms of the form β ii X i2 .
-allow for curvature in the effect of a control on the response.
Models for categorical controls often involve a set of terms to represent a single main effect or two-factor interaction, but the interpretation of the effects is similar (Wu and Hamada, 2000) .
This work tends to determine the optimum design parameters of biogas digester from human faeces using Design Expert Software.
METHODOLOGY
The Analysis of Variance (ANOVA) is a technique commonly used Nuhu et al. 47 to test whether there are statistically significant differences between two or more independent groups. These groupings are made on the basis of levels of independent variables. The outcome of performing ANOVA is an F ratio, which can be used to determine whether statistically significant difference exist between the groups. The F test for ANOVA is simply the ratio between the sum of squares between and sum of squares within. Thus, if the variation between samples becomes relatively large compared to the variation within samples, the group is expected to be drawn from different populations and a significant difference to exist. The study of the effects (main effects and interaction effects) of the factors affecting biogas digester design was done using the full factorial design of experiment. The effect of retention time (A), temperature (B), pH (C), mixing ratio (D), and carbon to nitrogen ratio (E) on the response of yield of biogas were also investigated. Base on 2 n principle built in the Design Expert 6.0 software, 32 experiments were conducted with each factor varied at 2-level of high and low (Table 1 ). The software then uses contrast of average base on this designed experiment to generate model equations describing the biogas yield as a function of these design parameters.
Y= αA + βB + yC + µD + ȣE + ∂AB + ØCE + ðAD + ƐBD + ƔDE + ƛCD + ƟABC + ƔACD + §BCD + ȣABD + ƥABCD
RESULTS AND DISCUSSION
The results of the 32 experimental runs are summarized in Table 2 . The yield ranges from 23.07 to 86.24%, the ratio of the maximum to minimum is 3.74. A ratio greater than 10 usually indicates the need for transformation. Therefore there is no need for transformation with respect to the ratio obtained in this research. Table 4 present the percentage contribution of this picked effects to the model (Table 3) ; for the main effect mixing ratio (dry matter content) was found to be the most significant (40.9%), this was followed by pH value (30.1%), temperature (7.835), Carbon to Nitrogen ratio (7.33%) and Retention time (2.52%). However, for the interaction effects: the combine effect of mixing ratio with pH was found to be higher (1.64%) followed by temperature/mixing ratio (1.42%), mixing ratio to carbon/nitrogen ratio (1.36%) and finally mixing ratio to carbon/nitrogen ratio (1.24%). For the main effects carbon/nitrogen (E) ratio and pH (C) affect the model negatively while retention time (A), temperature (B) and mixing ratio (D) has positive effect on the model. For the interaction effects pH/mixing ratio (CD) and mixing ratio/carbon to nitrogen ratio (DE) affect the model negatively while temperature/mixing ratio (BD) and pH/carbon to nitrogen ratio (CE) has positive effect on the model.
The model F value of 98.5 (Table 4) implies the model is significant. There is only 0.01% chance than the model F value; this difference could be due to noise. Values of prob>F less than 0.05 indicates model terms are significant. In this case A, B, C, D, F, BD, CD, CE and DE are significant model terms. Table 5 gives the value of 
Conclusion
In this study, Optimum Design Parameter Determination of Biogas Digester Using Human Faeces Feedstock has been presented. In the considered Digester, the optimum design parameters were obtained at run 4 with a maximum yield of 86.24%. The most sensible variable parameter was found to be the mixing ratio with high coefficient of sensitivity. The R-square values for the mean, standard deviation and coefficient of variance were found to be in reasonable agreement with standards. Retention time is the only factor that is not involved in interaction among the five factors considered within the research scope.
